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Letter to EPA and WOGCC on Myers report and Encana Madison aquifer exemption final draft.pdf

Natural Resources Defense Council * Powder River Basin Resource Council *
Wyoming Outdoor Council

June 24, 2013

Mr. Tom Krospatch

Natural Resources Supervisor
Wyoming Oil and Gas Commission
2211 King Blvd

P.O. Box 2640

Casper, Wyoming 82602

Sadie Hoskie

Director, Water Program

EPA, Region VIII

1595 Wynkoop Street

Denver, Colorado 80202-1129

RE: 8P-W-UIC — Proposed Encana Madison Aquifer Exemption
Dear Mr. Krospatch & Ms. Hoskie:

We write to you today to submit additional information to the administrative record for the
proposed Encana Madison Aquifer Exemption and Underground Injection Control (UIC) permit.

Enclosed is a review conducted by hydro-geologist Tom Myers based on his analysis of the
exhibits and documents submitted regarding the proposed Encana Madison Aquifer Exemption
and UIC permit before the Wyoming Oil and Gas Commission. Dr. Myers’ review raises serious
issues regarding the proposed aquifer exemption and UIC permit and we request that WOGCC
and EPA consider the findings of Dr. Myers’.

Second, we are conducting research on other permitted water wells within the Madison aquifer
and to date have found that there is at least one well permitted west of Casper at a depth of 7,800
feet. Preliminary research indicates there are other Madison aquifer wells at a depth of 3,000 to
5,000 feet and we will provide you with additional relevant details on these wells as our research
progresses.

As you know, significant concerns have been raised about the potential for this proposed
exemption and UIC permit to pollute a viable drinking water aquifer. The attached review and
analysis by Dr. Myers and our initial identification of other permitted water wells in the aquifer
raises significant and additional concerns that must be addressed.







Thank you for your time and attention. We look forward to your review and consideration of
this additional information.

Best regards,
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Jill Morrison

Powder River Basin Resource Council

934 North Main

Sheridan, WY 82801

(307)672-5809 jmorrison@powderriverbasin.org

Matthew McFeeley

Natural Resources Defense Council
1152 15th Street N.W., Suite 300
Washington, D.C. 20005

(202) 513-6250 mmcfeeley(@nrdc.org

Amber Wilson

Wyoming Outdoor Council

262 Lincoln St.

Lander, WY 82520

(307) 332-7031 amber@wyomingoutdoorcouncil.org

















myers final tech memo madison aquifer exemption 062113.pdf

Technical Memorandum
Comments on Encana Oil and Gas Inc.’s Application for the Madison Aquifer to be Exempt
Wyoming Oil and Gas Conservation Commission Docket No. 3-2013

June 12, 2013
Prepared by: Tom Myers, Ph.D., Hydrologic Consultant

Prepared For: Natural Resources Defense Council, Powder River Basin Resource Council

Encana Oil and Gas, Inc. (Encana) has applied for an aquifer exemption for the Madison aquifer
near the Marlin 29-21 WDW injection well proposed for use for injection of brine and drilling
waste. The Wyoming Oil and Gas Conservation Commission granted the exemption although
the Wyoming Department of Environmental Quality had objected to granting the exemption.
The EPA must also review the exemption but has raised substantial questions regarding the
application.

This technical memorandum describes a conceptual flow model for the aquifer and relevant
parts of the region at and near the location of the proposed exemption. It considers flow of the
injected brine away from the well to nearby areas and through the confining layers.
Specifically, it considers how far the injected brine may move from the well due to injection
pressure or natural flow gradients in the aquifer and whether the confining layers above the
aquifer are actually leaky which would allow the waste to move vertically into the overlying
aquifers. It evaluates whether the water at the point of injection is of sufficient quality for use
as drinking water or for irrigation. Finally, the technical memorandum considers the responses
provided by Encana to the questions raised by the EPA related to the aquifer exemption
request.

The memorandum relies on published literature regarding the region and the Madison Aquifer
as well as exhibits (referred to herein as Exhibit) presented in the two hearings held for the
proposed exemption. This memorandum finds that:

e The water quality at the proposed point of injection in the Madison Aquifer is good, with
total dissolved solids (TDS) concentration being 1000 mg/I.

e Waste injected at this location will not remain at that location but will flow away from
the well in directions dependent on the pressure head established at the well.

e Waste injected at this point will flow away from the well based upon preferential flow
pathways. Fractures and even solution conduits may direct flow many miles from the







injection point which could allow the waste to flow to portions of the aquifer much
shallower than at the proposed injection well.

e Waste flowing in the Madison Aquifer could move vertically upward at the point of
contact between the aquifer and intrusive rock where the aquifer terminates.

e The confining layers consist of lithologies that are relatively transmissive. The pressure
applied by the injection could cause waste to move vertically upward through fractures
or conductive zone in the confining layers to shallower aquifers.

e Because of the movement of waste, the effective exemption area and volume is much
larger than appears to have been contemplated in these proceedings and includes areas
for which it is not — contrary to regulatory requirement for an exemption - technically
and economically impracticable to develop water supplies.

Relevant Studies

The Madison aquifer has been studied at several scales, from regional to local. As part of their
Regional Aquifer-System Analysis program conducted in the 1980s and ‘90s, the US Geological
Survey completed several studies, most relevantly Downey (1986), Downey and Dinwiddy
(1991), and Busby et al (1991). A geochemical study was presented in a peer-reviewed journal
(Plummer et al 1990) and Bredehoeft et al (1983) published a large-scale groundwater model of
the region including the Madison.

The Madison Aquifer east of the Wind River Basin, specifically near Rapid City, has been studied
intensively, including studies on recharge (Carter et al 2001b), overall hydrologic budgets
(Carter et al 2001a), and the development of a conceptual flow model (Long and Putnam 2002).
These studies are relevant primarily because they describe the properties of the limestone
throughout the region. Taucher et al (2012) and Daddow (1996) considered conditions in the
Wind River Basin, although there is a lack of data in the deep sections of the Madison
Formation.

Conceptual Flow Model for the Madison Aquifer

The limestone Madison Aquifer is one of the most extensive aquifers in the country (Downey
and Dinwiddie 1988), although it is not fully connected through its domain with Precambrian
rock forming the core of some mountain ranges and effectively disconnecting the aquifers on
either side. The intrusive rock, however, also forms barriers which may force some of the
groundwater to flow vertically upward (Bredehoeft et al. 1983). The Wind River Basin is in the
far southwestern section of the Madison Aquifer (Downey 1984; Downey and Dinwiddie 1988).
The Madison Aquifer is considered a major aquifer in the Wind River and Bighorn Basins
(Taucher et al 2012).







The Madison Limestone through the southeastern Wind River Basin varies from 200 to 400 feet
thick, with increasing thickness toward the north (Downey 1984; Taucher et al 2012). The
Madison Limestone may be divided vertically into two layers with the uppermost being much
more conductive (Taucher et al 2012). This can be very important from the perspective of
disposal of fluids because the majority of the fluids will enter the aquifer where it is most
conductive. Deep groundwater flow is through conductive formations in a downgradient
direction which in the Wind River and Bighorn Basin is ultimately northward along the axis of
the structural basin toward Montana. This is caused by recharge at the edge of the basins
creating a high potentiometric surface and by the mountain cores being generally impermeable
to flow through the base of the mountains.

Paleozoic Rock crops out along the basin edge south of the Marlin Well, plunges deeply under
the basin and terminates to the north against Precambrian rock at the Cedar Ridge Fault (Figure
F, Trihydro Corp. 2013). The basin formations extend further to the northwest with
connections and probable flow pathways through the Owl Creek Mountains (Exhibit H-3). The
Madison Limestone also crops out on the southwest of the basin, with Daddow referring to the
Madison Limestone cropping “out on the east flank of the Wind River Range (Daddow 1996, p
26). In the basins, the Madison aquifer is deep and underlies numerous more shallow aquifers
and confining layers. Recharge occurs on the basin boundary where the aquifer has been up-
folded so that it crops out; the dip on deep sedimentary layers in the Wind River basin varies
from 10 degrees to vertical which is why a layer can be thousands of feet deep just a few miles
from where it crops out. Exhibit G-3 shows that the depth of the Madison near Shoshoni is
near 30,000 feet while it outcrops on the southwestern and southern portions of the Wind
River Basin.

Recharge in the eastern portion of the Wind River Basin within 15 miles of the Marlin Well is
from 0.25 to 0.75 in/y but from 40 to 60 miles to the west in the Wind River Range recharge
exceeds 16 in/y with a range to as high as 55 in/y (Taucher et al 2012). The map shown in
Taucher et al (2012, Figure 6-4) apparently shows recharge only as distributed without
accounting for the geology of the outcrops; for example, meteoric waters would run off of most
shale and infiltrate into the limestone outcrops. The varying geology often causes there to be
more recharge into the limestone areas, such as the Madison Formation.

Taucher et al (2012) estimate the available water for only the upper 1000 feet of the
Tertiary/Quaternary aquifers because they claim that deep water has too poor water quality
and is too deep for development. This ignores the depth of producing wells on and near the
Wind River Reservation, where an industrial water supply well is 4210 feet deep with a TDS
concentration of just 880 mg/l (Daddow 1996, p 56). Another at 2930 feet deep had TDS of just
230 mg/Il (Daddow 1996, p 55). The deep well is pumped at 700 gpm and the 2930 foot deep







well is flowing at 262 gpm with pressure up to 100 psi (Daddow 1996, p 26). The Madison
Aquifer near the reservation is capable of supporting groundwater wells that could produce at
1000 gpm (Id.).

Geochemical modeling has shown that groundwater ages have dated to 23,000 years and that
flow velocities through the aquifer, based on geochemical modeling, range from 7 to 87 ft/y in
the Madison Aquifer east of the Big Horn and Owl Creek Mountains (Plummer et al. 1990). The
aquifer has similar characteristics to those of the Wind River Basin, with deep mid-basin regions
and outcrops along the mountains, so these values are probably representative of those found
in that basin.
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Figure 1: Isopach map from Plate VI in Taucher et al (2012).

Description of Proposed Injection and its Movement through the Aquifer

A discussion in Taucher et al (2012, p 5-46, 47) suggests an argument that multi-phase flow will
prevent essentially any movement of water through the deep Madison Aquifer. Simply
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described, multiphase flow is the movement of more than one immiscible fluids through an
aquifer; in the deep Madison Aquifer, this could be a mixture of any combination of the
following: water, brine, gas, and/or oil. The presence of one fluid may decrease the
permeability for flow of another, so typically groundwater flows slower where there are
substantial gas pockets. The authors describe a “basin centered gas system” which causes
multiphase flow at depth, where gas has been formed, which lowers the permeability of the
system “until groundwater essentially will not flow” (Taucher et al 2012, p 5-46). This does not
apply in the limestone of the Madison and other Paleozoic Formations in this area because gas
would not have formed nor accumulated in the limestone; gas accumulates in sandstone or
limestone where there is a capstone to prevent gas from flowing upward along the bedding
layer of the bedrock. A capstone capable of holding gas in limestone should be an anticline in a
very impermeable shale or mudstone overlying the sandstone or limestone. The unfractured
shale or mudstone may have multiphase flow; limestone with a large proportion of gas trapped
under an anticline may also have multiphase flow. Even if gas reached the Madison Limestone
in the Wind River Basin at its deepest point, near the Marlin Well, it would flow upward along
the strike of the formation due to the fluid buoyancy. Multiphase flow will not limit the
conductivity in the Madison Limestone near the Marlin well nor prevent regional flow through
the limestone in the Wind River Basin.

Injection even at the deepest points of the Madison Aquifer will spread from the point of
injection through the aquifer. Injected fluids can flow updip potentially to much shallower
portions of the aquifers (Birkholzer and Zhou 2009). The Madison is a limestone aquifer which
potentially has substantial high conductivity pathways such that fluid and contaminant
movement will occur much faster and go much further than predicted by a porous media
simulation that assumes uniform injection over most of the limestone aquifer thickness
(discussed below). The overlying confining layers are not likely homogeneous and some may
even pinchout which would allow pathways for broad scale advective transport vertically to
higher layers; Bredehoeft et al (1983) simulated discharge from the Madison where it pinches
out (further east than the Wind River Basin) into and through overlying confining layers to
higher aquifers.

Aquifer Exemptions
Requirements

It is my understanding that an aquifer may be exempted from consideration as an underground
source of drinking water if it does not currently serve as a source of drinking water; and It
cannot now and will not in the future serve as a source of drinking water because it is situated
at a depth or location which makes recovery of water for drinking water purposes economically
or technologically impractical or the total dissolved solids content of the ground water is more
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than 3,000 and less than 10,000 mg/I and is not reasonably expected to supply a public water
system.

The Madison Aquifer near the proposed well is not currently a water source, meaning there are
no drinking water wells developed in the general vicinity of the proposed injection well.
Because the TDS in the relevant portion of the aquifer is near 1000 mg/|, the water quality is
adequate for a public water supply, therefore, it is my understanding that the basis for an
exemption is the purported cost and technological difficulties of developing the water (3-
2013C, p 9). The Madison Aquifer at the Marlin Well is at 15,000 feet bgs. However, the
injected brine will not remain at the injection well and may flow up dip along the aquifer due
either to the natural gradient or the injection pressure or vertically through the leaky confining
layers to shallower aquifers.

The following section analyzes the aquifer in the Wind River Basin which will be affected by the
proposed exemption and subsequent injection of brine.

Submitted Data and Analysis

If the injected brine could travel from the injection well to shallower and more developable
sections of the aquifer, the aquifer would not meet the exemption criteria set forth above
because injection into it would endanger sources of drinking water which are not economically
or technologically impractical to recover. The issue therefore depends on how far
contamination from injection at this point may travel. Encana states that the likely TDS
concentration of the injected brine is 6000 mg/l. Using a reservoir model, Encana has projected
that the injection will increase the TDS concentration by 1 mg/l at 4.5 miles from the well after
50 years of injection and 50 years of post-injection recovery; the reservoir model details are not
presented but a general description sufficient to understand the basic parameters are in
Exhibits RM1 through RM16. They do not show that 50 years of injection followed by 50 years
of recovery is the most critical time, and simple hydrogeologic considerations of the aquifer
suggest that a 1 mg/l increase at 4.5 miles is an underestimate.

Proposed Injection

The project injection will average 50,000 barrels/day for 50 years (based on the current amount
of water being produced (3-2013c, p 43), although they also provide a graph showing that the
amounts may be higher earlier and lower later in the period. At 42 gallons per barrel, this is
over 38 billion gallons of brine, or 117,600 acre-feet (af), in 50 years. This injected brine will
flow away from the well following basic hydrogeologic principles and mix with the existing
groundwater; there is no evidence that the Madison Aquifer in this area would have multiphase







flow although there may be small density differences due to temperature and pressure. Many
groundwater models have considered water circulating to 15,000 feet of depth, so there is
clearly no reason that Darcy’s Law and other standard hydrogeologic principles do not apply

The average porosity is 8.4%, average permeability is 9.3 md (millidarcies), and the water
temperature, which affects viscosity, is 235° F (Exhibit RM6). A permeability of 9.3 md converts
to 0.026 ft/d conductivity for water at about 70° F. Encana notes that the water viscosity is 0.25
cp (centipoises for 5360 psi pressure). At environmental temperatures, near 70° F, the viscosity
is on the order of 1 cP (http://www.engineeringtoolbox.com/water-dynamic-kinematic-

viscosity-d 596.html). At the high temperatures experienced at depth in the Madison

formation, the water would be less viscous which would make the effective conductivity higher,
or about 0.1 ft/d for water at 15,000 ft bgs in the Madison formation.

A few points, or simple calculations, can frame the consideration. If the injected brine
completely displaces the existing groundwater and fills all of the pores, a pore volume of
117,600 af around the well will contain the brine. If the aquifer thickness is 300 feet (the
payzone as referred to by Encana), all pore space for a radius of 1.56 miles from the well would
be occupied by brine which would have completely displaced the existing groundwater; that is
the volume of a cylinder 300 feet thick with a 1.56 mile radius with porosity of 0.08 (nhrtr?).
The entire pore volume out to a radius of 4.5 miles is 977,000 af, and if the total injected
volume mixed completely into that volume, displacing an amount of in-situ groundwater equal
to the injected brine, and ignoring compressibility, the concentration would equal 1601 mg/I,
over the entire volume which would be an increase of 601 mg/| over the assumed background
concentration of 1000 mg/l. Neither of these scenarios will actually manifest, but they suggest
that an increase of just 1 mg/l is not correct. The following paragraphs outline several more
realistic hydrogeologic scenarios.

Flow from a Well in a Confined Aquifer

Considering standard flow from a well, where the well fully penetrates a confined aquifer, the
Madison, flow from the well will be uniformly equal in all directions and all levels in the aquifer.
The Darcian velocity decreases as the distance from the well increases because the cross-
section for flow increases and the gradient decreases if the transmissivity is constant; Darcian
velocity is the average velocity for the flow rate through a given cross-section. At steady state
in an infinite aquifer, the Darcian velocity at 0.5, 1.56, and 4.5 miles would be 20.6, 6.6, and 2.2
feet/year, respectively. These velocities are within the range as estimated for flow within the
Madison Aquifer (Plummer et al. 1990). The particle velocity for an effective porosity of 0.084
would be 245, 78.6, and 27.2 feet/year, respectively, reflecting the fact that a particle travels
not through the entire cross section but only through the pores, and ignoring any potential
multiphase flow. Standard Theis equation calculations, for transmissivity equaling 30 ft*/d

7




http://www.engineeringtoolbox.com/water-dynamic-kinematic-viscosity-d_596.html�


http://www.engineeringtoolbox.com/water-dynamic-kinematic-viscosity-d_596.html�





(K=0.1 ft/d and aquifer thickness b = 300 ft, T=bK) yielded pressure heads along a profile from
the well to a 4.5 mile radius that would be higher than the 4100 psi pressure head indicated by
the reservoir model (Exhibit RM11). This may reflect the difference between simple Theis type
calculations and reservoir model calculations in that reservoir model simulates more imbibition
of the brine, making fuller use of the porosity; such imbibition may not be proper to consider
because most flow will be through fractures as discussed below. Encana has stated that the
yield of the well is 400 gpm (transcripts 3-2013, p 24) which is less than a third of the proposed
1450 gpm injection rate. The injection pressure would be much higher than the drawdown
caused by pumping 400 gpm. It is possible that the aquifer will not accept all of the flow that is
anticipated to be injected by Encana at the pressure they expect to use.

Preferential Flow

All of the calculations above assume a homogeneous, horizontally isotropic aquifer, which
basically means the hydraulic properties are constant and do not change with depth or location
in the aquifer and do not differ by direction in the plane which the flow is parallel to (in a
confined aquifer with a fully penetrating well). In a limestone aquifer such as the Madison,
homogeneity would require that the density and direction of fractures is constant throughout
the aquifer and isotropy means there is an equal number of fractures paralleling each direction
along the flow plane. This is impossible. Simple descriptions have indicated that the
conductivity in the upper portion of the formation is much higher than in the deeper portion
(Taucher et al. 2012). Exhibit RM7 demonstrates heterogeneity with a figure of permeability
versus depth in the Madison formation. The figure shows a variation from 0.2 to more than 40
md. Interestingly, 11 of the 16 plotted permeability values are less than 9.3 md, the average
used in the reservoir model, while just 5 are higher than the average. Two values greater than
30 md pull the average up; the median appears to be closer to 4 md. Also interestingly, there is
not an obvious change with depth; one permeability value exceeds the average even at 24,000
feet.

Encana does not describe how these permeability values were determined, but it is likely they
are from core samples such that their scale is very small (Schulze-Mackuch et al. 1999). Core
samples rarely include significant fractures which in-situ occupy very small proportions of the
formation volume but also account for most of the flow. The effective conductivity may
increase by several orders of magnitude as the scale of the estimate increases. The field scale
may be of an order of hundreds of feet, or a point at which a representative density of fractures
is included (Schulze-Mackuch et al. 1999). This could also be reflected in the observation that
the upper portion of the aquifer has higher conductivity (Taugher et al. 2012).

Based on the number of samples plotted on exhibit RM7, 2/16ths of the limestone has
permeability four times the average and ten times the median. A given area with the higher
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permeability would allow ten times as much flow per unit area and for the same gradient as
compared to the median permeability. As noted, it is unlikely that these represent the true
permeability in a significant fracture, so it is likely that the flow per unit area in a significant
fracture may be far more than ten times the flow in the bulk media, as determined by the
reservoir modeling. Preferential flow paths through fractures in the limestone that have
permeability ten times higher than plotted, or about 400 md, would pass flow at least a
hundred times faster than an estimate using the average permeability. Although there are no
observations of such a fracture, the sixteen points plotted represent a very small proportion of
the aquifer and it is very unlikely that the highest plotted value actually represents the highest
permeability fracture. The injected brine could flow much further along preferential flow
pathways than predicted with the reservoir model or the simple Theis calculations above. It is
likely therefore that the radial flow postulated by the model would look more like spokes
emanating out from the well with brine ending up 50 miles or more from the injection well
within 50 years along preferential flow zones but that there may be areas closer than 4.5 miles
that do not have any brine. The 50 mile estimate is based on the particle velocities noted
above; at 1.56 miles the particle velocity was 78 ft/y; one hundred times that value would be
7800 ft/y which if applied for 50 years indicates a value much higher than 50 miles; it is unlikely
that the same velocity would manifest all along the preferential flow path for the entire time
period, so the lower miles estimate is more appropriate. In summary, it is likely that
preferential flow pathways, or flow paths through which groundwater can move much faster
than the average, will cause the injected brine to move much further from the injection well
than either Darcian flow calculations presented herein or reservoir modeling by Encana have
estimated.

Partially Penetrating Injection Well

The Marlin Well does not fully penetrate the Madison Aquifer although the reservoir model and
the simple hydrogeologic calculations above depend on an assumption of complete
penetration. The stratigraphic log of the Madison Aquifer at the Marlin Well (Exhibit L-9) shows
it extends from about 15,010 ft bgs to 15,355, for a thickness of 345 feet. The perforated
interval ranges from 15,012 to 15,282 ft bgs, or 270 feet. The perforated interval is 78% of the
formation thickness, therefore the Marlin Well achieves only partial penetration of the Madison
Formation. The flow from the well into the formation must therefore be considered three-
dimensional and the entire aquifer thickness should not be utilized for estimating the
groundwater flow hydraulics around the well bore. The flow paths from the well bore will
expand downgradient from the well and the flow will incur additional frictional loss so that the
standard well flow equations may underestimate the head loss and required pressure for
injecting a given amount of brine into the aquifer. The additional loss will be controlled by the
ratio of the horizontal to vertical conductivity, which has been shown to be very high (Plummer
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et al. 1990). A higher ratio has the effect of limiting the effective thickness of the aquifer and
lower ratio indicates the flow will expand but the head loss near the well be increased. For
either conductivity ratio, the effect of the well being partially penetrating is that more pressure
will be required to inject a given amount of fluid than otherwise would be predicted by
assuming the well is fully penetrating, as appears to be the case with Encana’s reservoir model.
This generally means that applied pressures will be higher than estimated using the reservoir
model, which would mean that even more pressure would be applied to cause upward flow and
transport of brine.

Upward Transport from the Madison Aquifer

The Amsden Formation overlies the Madison Formation at the Marlin Well (Exhibit L-9). It has
substantial dolomite and even sandstone, in addition to shale (Taucher et al 2012). Itis
considered a confining unit, but also a marginal aquifer.

Composed of two stratigraphic sequences up to 400 feet thick — An upper nonresistant shale,
dense dolomite, thin cherty limestone, and thin, resistant, fine-grained sandstone; and a basal
Darwin Sandstone Member of fine- to medium-grained, crossbedded to massive, friable, porous,
sandstone — The permeable parts of the Amsden Formation comprise the aquifer — Permeability
of the Darwin is due to bedding plane joints and partings — Permeability of entire unit enhanced
locally by fractures — Only one moderately saline produced water sample (Taucher et al 2012, p
11-270)

Although the Amsden is not being and probably will not be developed as an aquifer, it is a very
poor confining unit. It would be more appropriate to label it as a leaky confining unit. With the
pressures that will be developed due to the injection, there is a significant probability that some
of the injected brine will flow vertically through the confining unit to overlying formations,
including the Tensleep Aquifer which is considered a major limestone aquifer currently being
used for domestic and public water supply, at least where it is not too deep for development
(Taucher et al 2012). Formations above the Tensleep are also, at best, poor, leaky confining
layers. It is possible that upward leakage could flow through more layers and contaminate
shallower aquifers.

The Madison Formation also crops up against the Precambrian rocks of the Owl Creek Range on
the northeast side of the Wind River Basin. This intrusive rock would force water from the
aquifer upward along the contacts between the Madison and other aquifers with the intrusive
rock. This is another mechanism for upward movement of brine to reach shallower aquifers.
Bredehoeft et al (1983) concluded that where the Madison Formation terminates against the
Inyan Kara Group (east of the Wind River Basin), flow continues upward into the sandstone in a
similar fashion as suggested here. Upward flow of injected brine could occur where the aquifer
terminates and discharges into a more permeable formation or where it terminates against an
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intrusive rock at the Cedar Ridge Fault (Figure F, Trihydro Corp., 2013) and is forced upward;
although the pathways may seem to have a very long time frame for transport, the preferential
flow paths discussed above could decrease the time frames substantially.

Discussion of Encana’s Responses to EPA’s Requests for Additional Information

The letter by Eggers (2013) provides Encana’s replies to 15 questions raised by the EPA with
respect to this exemption request. This section evaluates the relevant responses.

EPA 1. Please provide a yield for the proposed portion of the Madison Formation.

Encana replies the yield would be 370 gpm although they acknowledge having too little data to
estimate; as noted above, they estimate they could pump at rates only about 1/4™ that which
they proposed to inject. They stated that the Marlin Well does not flow and claim that “[lI]ack
of artesian flowing conditions indicate that the Madison Formation does not have significant
secondary permeability at this location, most likely due to depth and isolation from recharge
areas.” Artesian conditions occur when the potentiometric surface of a confined aquifer is
higher than the ground surface so that the water in a well rises to above the ground surface and
therefore flows. The lack of artesian pressure may reflect the distance from significant
recharge but would be affected by secondary permeability, which refers to fractures, only if the
well actually intersected a fracture zone that extended from a higher elevation recharge zone.

EPA 2. Please describe how the state will ensure that fluids will remain in the proposed
portion of the Madison Formation ......

Encana’s answer is not responsive to the question. Encana refers to well integrity, which may
ensure that injection does not occur into formations other than the Madison (from leakage
through the well bore above the screened interval), but has nothing to do with the distance
from the well that the injected fluid may flow, as discussed above.

EPA 3. Please provide depths for the confining zones which lie immediately above and below
the Madison Formation ........

Encana lists the confining zone above and below. The Amsden Formation, which overlies the
Madison Formation, is described as “over 200’ thick ... in this location and composed mainly of
shale, dolomite and chert.” Based on this lithology, this formation is at best a leaky confining
layer. Dolomite is a carbonate rock which often has fractures. In areas where it is dominant,
Encana should at a minimum provide evidence that the formation is not leaky.

EPA 4. Are the faults near the Marline Well sealing or leaky faults? ........
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A leaky fault can convey injected fluids along the fault or can be a barrier to cross-fault flow.
Encana declared a fault was sealing if the offset exceeded 300 ft and leaky if the offset was less
than 150 ft. There was no reference provided to justify these assumptions, which led to
barriers within the reservoir model for faults considered to be sealing. “Whether a fault zone
will act as a conduit, barrier, or combined conduit-barrier system is controlled by the relative
percentage of fault core and damage zone structures and the inherent variability in grain scale
and fracture permeability” (Caine et al 1996). Encana does not address the fault core or
damage zone structures.

EPA 5. Please provide distance estimates to the formations recharges and outcrops.
There is substantial water in the formation near the well, so the distance is not relevant.

The remaining questions concerning water quality or names of existing drinking water sources
in the area are not obviously answered incorrectly. The water quality of the Madison
Formation does not present any obstacles to its use a water supply.

Conclusion

The Madison Aquifer at the point of the Marlin Well does not meet the requirements for
exempting an aquifer because any waste injected into it at that point could easily contaminate
aquifers or portions of the aquifer that could be developed as a public water supply. Multiple
pathways exist to potentially transfer the waste from the injection location into shallower
sections of the aquifer or to higher and shallower aquifers where water can be recovered
economically using current technology. The existing water quality is good and should not be
degraded with the injection of waste.
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